MINDO/3-FORCES quantum mechanical calculations yielded non-planar (Q ) geometry of Benzo(c)phenanthrene. The result agrees with the majority o f published results but disagrees with others in which a planar (C2v) structure was accepted in order to simplify the analysis of certain spectroscopic data. Vibration frequencies and IR absorption intensities were calculated then, applying the non-planar (C2) structure. A complete normal coordinate analysis for the molecule is reported. Inspection of these coordinates allowed the discovery of some useful comparative relations between them, which are re ported in the paper.
Introduction
The nonplanar geometry of Benzo(c)phenanthrene was established experimentally for its solid crystalline state [1] as well as theoretically applying the HartreeFock method [2, 3] and density functional theory (DFT) [4] . Applying the molecular force field calcula tion, Allinger et al. [5] came to similar results, estimat ing the angle of non-planarity as 24.9°. However in few cases reported in [6, 7] the planar structure (C2v) was adopted in order to simplify the analysis of spectro scopic results. A study of the vibration spectrum for this molecule should be strongly dependent on its symme try. However, besides few IR spectroscopic studies [6] with emphasis on the intensive bands, we could find no detailed vibration analysis for the molecule in the liter ature. For most of the vibration frequencies the results of the present study should be of a predictive nature then.
Normally the calculation of the vibration frequencies of a molecule should be done for its equilibrium geo metry. Quantum mechanical methods are used nowadays for this purpose. Formerly we have used the MINDO/3-FORCES SCF-MO method [8] , which proved success ful in yielding molecular frequency values and normal coordinates. The resulting combination coefficients (L,) of Wilson's secular equation [9] , as well as the so called APP values [10] of the atoms in the molecule could be used for the assignment of the vibration modes. The L, coefficients are usually supplied to a DRAW.MOL routine which draws graphically the pic ture of each vibration mode [11] , enabling its correct assignment too.
Results and Discussion
As mentioned above, the treatment of the vibration problem for the molecule starts with the calculation of its equilibrium geometry, Figure 1 . Table 1 includes the calculated geometric values, which were obtained after reaching the minimal dis placement forces, for all atoms accepted in this method, (10-5 au/au).
Of interest is the resulting non-planarity of the mole cule. The dihedral angle for both halves of the molecule is 24°, in agreement with the results of Allinger et al. [5] , Figure 2 shows a graphical picture of the non-planar molecule. The arrows at the atoms represent the dis placement vectors for a vibration mode of the molecule. Such vectors are utilized for the identification of the vibration modes.
The non planar Benzo(c)phenanthrene shows a C2 symmetry. According to the character table [14] its 84 modes of vibration are classified into the irreducible representation r vib = 42A + 42B.
All modes should be active both in IR and Raman spectra. Table 2 includes all calculated and scaled [15] vibration frequencies and their group theoretical and va lence assignments. Comparison of the scaled calculated frequencies with the experimental values [6, 16] and those calculated with other methods [4] shows the obvious good agreement between the three sets of numbers. A study of the figures in Table 2 shows the following interesting results:
1) The twelve (CH str.) vibrations, V! -v6 (A) and v43 -v48 (B) with frequencies (3032-3067) cm-1 are localized at the relevant C-H bonds with two modes at only two CH bonds, v4 and v46. The order of these fre quencies might be summarized in the scheme: Their frequency order of magnitudes is found to bê Xisym(^CH)^ -> ^asym(^CH)a .
(two bonds) ^63
Their calculated IR absorption intensities range within (2.06-2.04) km/mol., 
